The occurrence and consequences of nest-raiding behaviours of male three-spined sticklebacks (Gasterosteus aculeatus L., forma leiura) were studied in an enclosed section of a small stream of the Tsuya River, Gifu Prefecture Central Japan. The observations were made almost daily on 99 males which were individually marked and the 189 nests built by them during the breeding season, March to mid July 1988. About 10% of the nests were subjected to raiding which included egg cannibalism, egg stealing and sneaking fertilizations. Most raidings were done by single territorial males. The probability of nest raiding was related to the degree of cover around the nest: nests in dense vegetation were most prone to raiders. The probability of raiding was further related to the stage of the nest: nests with eggs were most liable, those with fry least liable to raiding actions. Males that performed raiding behaviour could have nests in every stage, but most likely had no eggs in their nests. The probability of being raided was thus positively related to the number of neighbouring nests without eggs.
Introduction
Egg cannibalism is relatively common in fish, and is best known in species with male parental care (POLIS, 1981; HAUSFATER & HRDY, 1984 at different nesting stages in a field population.
Methods
The study was performed in a small inlet in the Tsuya River (about 16 km long), which enters the Pacific Ocean, in Central Japan (MORI, 1985 (MORI, , 1987 . The study area was an enclosed section (15 m in length, 1.2 m in width and 0.5 m in depth) of the inlet details in MORI, 1993). The substrate uniformly consisted of mud. The inlet had a constant temperature of 15'C throughout the year because of an abundant supply of spring water (MORI, 1985) , and a slow water velocity ranging from 7 to 15 cm/sec (MORI, 1994) . Submerged plants were patchily distributed and mainly consisted of Elodea. Other species of fish most likely had no influence on the stickleback's nesting activities, because they were present in low numbers and were herbivores. In the study area, abundant food was available. Observations were made almost daily from March 7th to July 14th 1988. All 99 males which built nests, 189 nests in total, were individually tagged with coloured tubes slipped over the dorsal spine(s), and I sketched the pattern of the black pigmented areas on the left side of each fish as a further guide to identification (MORI, 1993) . There were no effects of the marking colour (pale yellow, green and blue) on the risk of being raided, probability of being a raider and reproductive success. There were 64 females in the enclosure at the start of the study. Afterwards some females were taken in and out according to the swell of the abdomen, and the total number of females was 1 12.
Observations were usually made between 10:00 and 16:00 from the shore at 1.2-2.0 m distance from the focal fish. Each nesting male was observed daily for 15 minutes once to four times per day. I changed the order of observation every other day. The observation periods of males that raided (a total of 17.4 hours on average per nesting cycle) and those that did not (15.7 hours) were similar, as were the observation periods of males whose nests were not raided and those that were subject to nest raiding. When a particular male repeatedly attempted to raid the same nest during an observation period, this was counted as one raiding occurrence.
